A new sensitive chromogenic reagent, 9,10-phenanthaquinone monoethylthiosemicarbazone (PET), has been synthesized and used in the spectrophotometric determination of Tl(III). In HNO3, H2SO4 or H3PO4 acids, PET can react immediately at room temperature with Tl(III) to form a red 2:1 complex with a maximum absorption at 516 nm. The different analytical parameters affecting the extraction and determination processes have been examined. The calibration curve was found to be linear over the range 0.2 -10 µg cm -3 with a molar absorptivity of 2.2 × 10 4 dm 3 mol -1 cm -1 . Sandell's sensitivity was found to be 0.0093 µg cm -2 . No interference from macroamounts of foreign ions was detected, except for Pd(II). However, Pd(II) does not affect the determination process, because its complex with PET has its λmax at 625 nm. The proposed method has been applied to the determination of Tl(I and III) in synthetic and natural samples after separation by flotation (in oleic acid/kerosene) and solid-phase extraction (on polyurethane foam) techniques. The two methods were found to be accurate and not subject to random error, but solid-phase extraction was preferred because it is cheap, simpler and there is no contamination risk coming from flotation reagents.
Introduction
Thallium has been used as a rodenticide in the manufacture of optical and electrical equipment, as a catalyst in organic synthesis, and in isotopic form for medical imaging of the myocardium. Atmospheric pollution may occur as a result of coal-burning power plants and from smelting copper, lead, or zinc. Acute or chronic exposure to thallium is more toxic than mercury, because the patient insidiously develops a distal neuropathy initially with sensory and then motor loss, which spreads proximally. Cranial nerves may become involved and respiratory paralysis is recognized. 1 Consequently, accurate determination of thallium using simple and rapid methods is of paramount importance to deal safely with the environment.
Thallium is almost always determined as total metal, rather than specific thallium compounds. Among the wide varieties of techniques that can be used to measure thallium, potentiometric determination, 2,3 spectrophotometry 4-7 and direct aspiration atomic absorption analyses 8, 9 are the most widely used and straightforward methods for determining thallium at the micrograms concentration levels. These methods are amenable to many interferences, and are generally hampered by insufficient sensitivity. Inductively coupled plasma mass spectrometry, 10 anodic stripping voltammetry, 11 neutron activation analysis 12 and furnace atomic absorption analyses 13 are mostly used for very low analyte levels. However, these techniques are time consuming, not free from matrix effects, and/or need very expensive facilities and daily maintainenance. For example, the analysis of Tl(III) by stripping voltammetry suffers interference from metal ions, which reduces the current to only 50% of the original signal in the case of the presence of Cd(II), and neutron activation analysis requires a long time of irradiation and is not easily available, which is not suitable for routine analysis.
Spectrophotometric methods can be used for the determination of trace amounts of thallium occurring in many samples. The availability of the spectrophotometric apparatus and the simplicity of the analytical procedures make the technique very attractive for a wide range of applications. Several reagents (2-(2-benzothiazolylazo)-2-p-cresol (BTAC), 4 iodoacetic acid and hexamethylenetetramine, 5 Brilliant Green, 6 Pyronine G 7 and Alizarin Violet 14 are examples) have been employed for the spectrophotometric determination of Tl(III). However, the common limitation of these reagents are poor selectivity. Revanasiddappa 15 recently reported the use of trifluoperazine hydrochloride as a new selective reagent for the spectrophotometric determination of Tl(III). However the dependence of the method on the oxidation of the reagent by Tl(III) to form a red-colored radical cation make the method amenable to interference from many oxidizing and reducing agents, even at comparable concentration levels.
To enhance the selectivity and sensitivity, and to diminish matrix effects, most of the existing analytical determination methods need a preliminary chemical and/or physical pretreatment. Although, liquid-liquid extraction 16 has been extensively used, this procedure is not environmentally recommended due to the use of toxic organic solvents. Cloudpoint extraction has been employed as a new alternative. 17 A flotation technique is recommended as an effective and less-expensive separation and preconcentration tool with most of the advancing factors. [18] [19] [20] [21] [22] It involves the removal of surface inactive ions from an aqueous solution with the aid of air bubbles using three modes: adsorptive flotation, precipitation flotation or adsorbing-particle flotation. 22 A process based on solid-phase extraction (SPE) has received more acceptance due to a number of possible advantages, including the availability and easy recovery of the solid phase, the attainability of a large preconcentration factor and a facility for separation. 23 Among many available materials for SPE, polyurethane foam (PUF) was proposed as a sorbent by Bowen 24 in 1970, and since then it has been extensively used in the preconcentration and separation processes. Uranium at ppb levels was sorbed as a salicylate complex on powdered PUF from water samples. 25 BTAC was loaded on PUF and used to preconcentrate lead(II) 26 and Cd(II) 27 from seafood samples, which were eluted by 0.1 mol dm -3 HCl and determined by atomic absorption spectrometry.
In a recent publication, the use of 9,10-phenanthaquinone monophenylthiosemicarbazone (PPT) for the spectrophotometric determination of Cd(II) after separation by flotation technique was reported. 28 In this paper, the use of analogous reagent (9,10-phenanthaquinone monoethylthiosemicarbazone, PET) as a new chromogenic reagent for the spectrophotometric determination of Tl(I) and Tl(III) is reported. Also, the use of PUF modified with PET to separate and preconcentrate Tl(I) and Tl(III) is compared with the flotation technique using oleic acid as a surfactant.
Experimental

Materials
Unless otherwise specified, all chemicals used were at least of analytical reagent grade. Doubly distilled water was used throughout.
9,10-phenanthraquinone monoethylthiosemicarbazone (PET), Scheme 1, was synthesized by refluxing equimolar amounts (0.01 mol) of 9,10-phenanthraquinone and ethylthiosemicarbazide dissolved in the least amount of glacial acetic acid. Orange needle-shape crystals were filtered after reflux for 1 h, washed with EtOH, diethyl ether and dried in desiccator over dry CaCl2 giving 70% of the theoretical yield. A 1 × 10 -3 mol amount of PET was dissolved in 1 dm 3 of acetone and used in all subsequent studies.
Thallium(I) and (III) stock solutions both 1000 µg cm -3 were prepared by dissolving an appropriate amount of thallous nitrate (99.99%) and thallic nitrate (99.999%), from Riedel de Haen, in 2% A. R. HNO3, and the desired concentration was attained by proper dilution.
A Tl(III) complex with PET was synthesized by refluxing 100 cm 3 1000 µg cm -3 Tl(III) and equivalent weight of PET (0.15 g), dissolved in a small amount of acetone over a water bath for 3 h. A red product (0.22 g) developed, which was filtered, washed with water/ethanol and dried in desiccator over dry CaCl2.
Saturated bromine water was prepared by adding 3 cm 3 of bromine to 100 cm 3 of distilled water and shaking until saturation.
Commercial open-cell polyether-type polyurethane foam (PUF) with 10 -12 cells per linear cm resilience was cut into foam sheets (1 × 3 × 0.2 cm) and washed with 1 mol dm -3 HCl followed by a large amount of deionized water until chloridefree filtrate was obtained. Afterwards, PUF was filtered off under reduced pressure and squeezed between clean sheets of ashless filter paper. Thus, PUF was placed to dry at 80˚C over night, and stored in a dark bottle.
An oleic acid stock solution 5 × 10 -4 mol dm -3 was prepared by dispersing 50 cm 3 of oleic acid food grade (Merck, density = 0.895 g cm -3 ) in 1 dm 3 kerosene to obtain 0.158 mol dm -3 , which was then diluted to 0.01 mol dm -3 , and finally to the desired concentration by appropriate dilution with kerosene.
Apparatus
Spectral data were recorded on Unicam UV 2100 UV/Vis and Mattson 5000 FTIR spectrometers. The pH values of all solutions were measured using a Hanna Instrument 8519 digital pH-meter. The atomic absorption measurements were recorded using a Perkin-Elmer 2380 atomic absorption spectrometer with an air-acetylene flame. The absorbance was measured at 276.8 nm at a spectral band pass of 0.2 nm. Proton-nuclear magnetic resonance ( 1 H-NMR) measurement was performed for PET in CDCl3 using a JEOL 270 EX-spectrometer.
The flotation cell used was a cylindrical graduated glass tube of 16 mm inner diameter and 290 mm length with a stopcock at the bottom.
Procedure
All experiments were carried out at ambient temperature and pressure. Spectrophotometric study. An aliquot of a sample solution containing 2 -100 µg of Tl(III) was transferred to 10 cm 3 flask, 1 cm 3 of 1 × 10 -3 mol dm -3 of PET was added and the solution was completed to 10 cm 3 using acetone and 0.2 mol dm -3 HNO3. The pH was always adjusted to be within 1.0 -1.5 at an acetone water ratio of 1:1. The absorption was measured at 516 nm.
For a Tl(I) determination in the presence of Tl(III), 10 -50 µg of Tl(I) and an equal amount of Tl(III) were added to 10 cm 3 flask, and the experiment was run as illustrated above. For the determination of total thallium, to a similar aliquot of thallium(I) and (III), 0.2 cm 3 of bromine water was added, heated to near dryness and the experiment was run again as usual. Flotation separation. One milliliter of 5 × 10 -4 mol dm -3 PET in acetone was introduced into a flotation cell containing 1 -50 µg of Tl(III); then, the pH was adjusted to be within 1.0 -1.5 using HNO3 and NaOH, and the solution was thoroughly mixed. The mixture was then diluted to 100 cm 3 and 3 cm 3 of 2 × 10 -4 mol dm -3 oleic acid in kerosene was added. The cell was then vigorously shaken and kept to settle for 5 min (optimized time) to insure complete flotation. The red precipitate of the Tl(III) complex was floated in an oleic acid layer, which was separated by a funnel and vaporized. After the residue was digested in HNO3 until near dryness, 1 cm 3 of 5 × 10 -4 mol dm -3 of PET was added, and completed to 5 cm 3 of a 1:1 acetone/water solvent; its pH value was then adjusted to 1.0 -1.5 and it was determined spectrophotometrically as described above. The detection limit of the flotation technique was determined by measuring a blank sample that was similarly prepared without the addition of thallium. optimum conditions for adsorption were applied on larger scale using 2 g of PUF and 1000 cm 3 of 0.35 × 10 -4 mol dm -3 PET and 20 min of shaking. The yielded PET/PUF was washed with 10% acetone-water, squeezed between two ashless filter papers, dried at 80˚C for 2 h and used for subsequent studies. To study the separation of Tl(III) by SPE, 100 mg of PET/PUF was added to 100 cm 3 of 0.50 µg cm -3 of Tl(III), adjusted to pH 1.0 -1.5 using HNO3 and NaOH solutions and shaken for different time intervals. After shaking, the remaining Tl(III) was determined in the filtrate by spectrophotometry, as described above. The elution of the separated Tl(III) from PUF was attained as the Tl(III)-PET complex with 2.5 cm 3 acetone, completed to 5 cm 3 with water and directly determined by a spectrophotometric determination. In the case of a blank-value determination, no thallium was added.
Determination of thallium(III) in spiked Nile river water
For the determination of thallium in Nile river water, an aliquot of 100 cm 3 filtered sample was spiked with 10, 25 and 50 µg of thallium(III) (prepared via the dissolution of high purity thallium chips, 99.999%, Lot # 835021, from High-Purity Standards, Inc., in hot HNO3 until near dryness. Then the resulting Tl(I) solution was further oxidized to Tl(III) using 0.5 cm 3 of bromine water), and the sample was adjusted to pH 1.0 -1.5 using HNO3 and NaOH solutions. A spectrophotometric determination was attained after separation and preconcentration with both the flotation and SPE techniques described above (final volume 5 cm 3 ).
Determination of thallium(I) and (III) in zinc and lead solutions
A weight of 1 g of zinc granules or lead foil (BDH) was spiked with 25 µg of Tl(I) and (III) (prepared via the dissolution of high-purity thallium chips, 99.999%, Lot # 835021, from High-Purity Standards, Inc. and the Tl(I) was either used as it is or after oxidation with bromine water). The sample was then dissolved in hot HNO3 until near dryness, adjusted to pH 1.0 -1.5 using HNO3 and NaOH solutions and completed to 100 cm 3 . Another sample was similarly spiked and dissolved in hot nitric acid, then oxidized with 0.5 cm 3 bromine water, heated until near dryness and completed to 100 cm 3 . Flotation and SPE techniques were again applied on the samples, as described above. Tl(I) was determined by the difference between Tl values obtained in the oxidized (representing the total Tl(I & III)) and the unoxidized (representing Tl(III)) samples.
Results and Discussion
Characterization of the reagent and its complex with Tl(III)
The purity was checked by TLC using ethylacetate as a developing solvent, giving one spot of the product. The melting point was 225˚C. An elemental analysis (Table 1) showed good agreement between the experimental and the calculated values. An IR analysis showed the presence of strong bands at 1226 and 1673 cm -1 and shoulders at 1560 and 1635 cm -1 assigned to ν(C=S), ν(C=O), N=N and ν(C=N), respectively. 29 The broad band at ca. 3400 cm -1 may be assigned to the δ OH group, 29 indicating enolization of the C=O group in the phenanthraquinone moiety to the C-OH group. From the results of elemental and IR analyses, the structure shown in Scheme 1 can be suggested to be the composition of PET.
1 H-NMR of PET dissolved in dueuterated chloroform confirmed the results obtained from an IR analysis, because aromatic protons were observed as a multiplet at δ = 7.5 -8.2 ppm, a CH2 multiplet at δ = 3.85 ppm and a CH3 triplet at δ = 1.5 ppm. The O-H proton appeared in a singlet signal at δ = 14.5 ppm, also indicating the presence of the enol form (Scheme 2).
The complex formed between PET and Tl(III) melted with decomposition at 280˚C, and was sparingly soluble in ethanol and/or methanol, but easily soluble in acetone or DMF. An elemental analysis (Table 1) Spectrophotometric studies Stability constant. Based on the structure of PET, it is a dibasic acid in the enol form (Scheme 2). Its color and absorbance changes with the variation of the pH of its solution. The maximum absorbance at pH 1.0 -1.5 is 449 nm (Fig. 1 ligand with a shoulder at 408 nm due to a keto-enol tautomerism. At pH 12.1, the ligand is completely ionized, giving a maximum absorbance at 478 nm with a shoulder at 515 nm due to keto-enol tautomerism. Tl(III) forms a red-colored complex with PET over a wide range of pH from 1.0 to 12.0 with a maximum absorbance at 516 nm ( Fig. 1 ) with a shift of 67 nm from that of the free ligand. The stoichiometry of the Tl(III)-PET complex was determined by the Job 30 method of continuous variation, which indicated the 1:2 ratio of Tl(III):PET. This agrees with the data obtained from elemental and thermal analyses of the solid-phase complex. The stability constant of the complex formed between PET with Tl(III) was calculated according to the method of Harvey and Manning. 31 It was found to be 2.2 × 10 5 dm 3 mol -1 , which indicates good stability of the complex.
Optimum conditions for spectrophotometric determination of Tl(III).
The color reactions of thallium(III) with PET in various acid media, such as chloroacetic acid, hydrochloric acid, nitric acid, sulfuric acid and phosphoric acid were investigated. Because the highest sensitivity was found in HNO3, it was used as a medium for the determination. A maximum and linear absorbance could obtained at pH 1.0 -1.5. The chromogenic reaction was complete within a few minutes at room temperature, and the complex was stable for at least 24 h, even after boiling in water. Beer's law was obeyed over the concentration range of 0.2 -10 µg cm -3 of thallium. The apparent molar absorptivity (ε) was 2.2 × 10 4 dm 3 mol -1 cm -1 . Sandell's value was 0.0093 µg cm -2 and the specific absorptivity (a) was 0.107 mL g -1 cm -1 . Due to the formation of a chloride complex species in HCl, or in acidic media, in the presence of chloride salts, the red coloration of the complex changed to yellow, but developed again upon rinsing with water to pH > 5 after adsorption on PUF. This may have been due to the exchange of H2O with the Cl -ligands, enabling a higher conjugation of the enol form of PET. Therefore, before determination in acidic media, it is a prerequisite to avoid any contamination of chloride ions.
The solvent polarity was found to affect the development of the red color of the complex, Tl(III)-(PET)2. In acetone/water mixtures, ratios higher than 1:1 are necessary to develop the red color of the complex, whereas any ratios of other more polar solvents, like ethanol, methanol or DMF with water can develop the red color of the complex. This may be understood in view of the formation of the aquo-complex.
Determination of Tl(I) after oxidation with bromine water.
Tl(I) was determined in the presence of Tl(III) after oxidation with bromine water and heating to expel excess Br2. The oxidation of thallium(I) to thallium(III) was quantitative, and the monovalent species did not interfere with the spectrophotometric determination of Tl(III) with PET, as confirmed by analyzing known amounts of mixtures of Tl(I) and (III). The results are given in Table 2 . Effect of diverse ions. In order to evaluate the suitability of the proposed method for the spectrophotometric determination of Tl(III), the effect of some ions, which often accompany Tl(III), was studied by adding different amounts of diverse ions to 5 µg cm -3 of Tl(III) solution. An error higher than ±2% was considered to be tolerable. In spite of the high tendency of PET to form complexes with a great number of metal ions, fortunately no interference from macroamounts (up to 100 times the concentration of Tl(III)) of many foreign ions was detected at the given conditions, as shown in Table 3 . Owing to the high acidity of the reaction medium used, the tolerable amount of many elements was over the mg cm -3 range. However, Pd(II) competes with the Tl(III) complexation reaction, but does not affect the determination process, because its complex with PET has its λmax at 625 nm. Also, the complex of Pd(II) can be easily extracted using MIBK, leaving the Tl(III)-PET complex in the aqueous medium. This point will be communicated in detail elsewhere.
Flotation separation Effect of the oleic acid concentration.
The flotability of 100 cm 3 0.5 µg cm -3 Tl(III) using different concentrations of oleic acid in the absence and in the presence of 5 × 10 -6 mol of PET dm -3 at pH 1.0 -1.5 was thoroughly investigated at room temperature. The obtained data showed that the maximum flotation (ca. 100%) was obtained over a wide range of concentrations of oleic acid (5 × 10 -5 to 6 × 10 -4 mol dm -3 in kerosene) in the presence of 5 × 10 -6 mol of PET dm -3 , whereas in its absence only 15% flotation could be achieved. Consequently, the role of PET in the separation process is quite essential. For subsequent measurements, 3 cm 3 of 2 × 10 -4 mol dm -3 oleic acid was used. , respectively. Accordingly, the analytical detect limits, (DL)a, were calculated by dividing the instrumental detection limits by the preconcentration factor (20 in the present case). The analytical detection limit was estimated to be 2.76 ng cm -3 . Flotation mechanism. First of all, it must be taken into consideration that oleic acid begins to dissociate at pH ≥ 5.2. 32 Since the recommended pH for this investigation was 1.0 -1.5, oleic acid molecules share in flotation in the undissociated form. Accordingly, the flotation mechanism is proposed to proceed to through hydrogen bonding between oleic acid and Tl(III)-PET system. This observation stems from the following experimental data and observations: (1) The floated species (Tl(III)-PET-oleic acid) has the same λmax as those obtained in the solid phase and 50% acetone-water solution of Tl(III)-PET. (2) A comparison of the infrared spectrum of the Tl(III)-PET complex isolated from 50% acetone-water solution with that of the complex formed in oleic acid layer shows that all of the bands are similar, except for those appearing at ca. 1820, 2050 and 2400 cm -1 in the spectrum of the latter. These bands are due to ν(O-H···O) vibrations of the intermolecular hydrogen bonding. Therefore, the oleic acid was headed with its carboxylic group towards the Tl(III)-PET complex, whereas its tail to the solution and Tl(III)-PET-oleic acid system became hydrophobic and floated with air bubbles to the surface of the solution.
Solid-phase extraction of Tl(III) with PET adsorbed to PUF
The adsorption process of a metal cation onto a solid phase holding a complexing reagent depends among several factors on the superficial area and porosity of the solid phase, as well on the amount of complexing reagent available in this phase. Therefore, in this study, a one stock of PUF was used to study different factors affecting the separation process. Effect of the concentration of PET and the shaking time. The adsorption isotherm of PET dissolved in acetone/water 1:3 solvent (volume 50 cm 3 and the shaking time 30 min) on 0.1 g PUF showed that PET (Fig. 2 ) is quantitatively leached with PUF and reaches saturation with 15 µmol g -1 at a concentration of 0.3 mmol dm -3 . Hence, 0.35 mmol dm -3 was applied in subsequent studies.
Applying the same parameters as given above at different shaking times, indicated that 15 min is sufficient to reach the maximum adsorption (Fig. 3) . Effect of the solvent on the stability of PET on PUF. The acetone/water ratio was found to be important for the stability of PET on PUF. A ratio higher than 1:3 caused stripping of the chromogenic agent from the solid phase. Table 3 Determination of thallium(I) and (III) by the spectrophotometric determination of the Tl(III)-(PET)2 complex with and without oxidation with bromine water X = average value, n = 5, s = standard deviation, t = student factor, P = 0.05. RSD means relative standard deviation. dimethylsulfoxide, were also found to release PET.
Effect of the shaking time and the thallium(III) concentration on its extraction on PET/PUF.
The effect of the shaking time on the extraction efficiency of 0.5 µg cm -3 Tl(III) in 100 cm 3 at pH 1.0 -1.5 was also studied (Fig. 4) . The results show that Tl(III) was quantitatively extracted in 20 min on 0.1 g PET/PUF. In the proposed procedure, 30 min is recommended to guarantee the maximum extraction.
The maximum capacity of PET immobilized on PUF towards thallium(III) was found to be 15 µg atom Tl(III) g -1 , indicating a 1:1 ligand-to-metal ratio, which differs from that obtained in solution due to the immobilization of the ligand on the surface of the solid phase (PUF). This ratio indicates that PET/PUF was found to quantitatively extract Tl(III) ions as long as its concentration did not exceed the maximum capacity. The extracted Tl(III) on PET/PUF could be only released from PET/PUF by 5 cm 3 1% thiourea. The use of acetone leads to the release of the complex as a whole. Effect of foreign ions. The tolerance of the SPE technique towards the separation of Tl(III) in the presence of common foreign ions was found to be similar to those obtained in spectrophotometric analysis and the flotation technique. Detection limit. The instrumental detection limits, (DL)i, of Tl(III) after SPE preconcentration of the blank was 0.024 µg cm -3 , respectively. Accordingly, the analytical detection limits, (DL)a, were calculated by dividing the instrumental detection limits by the preconcentration factor (20 in the present case). The analytical detection limit was estimated to be 1.20 ng cm -3 .
Application of the flotation and SPE techniques
The procedures proposed for Tl(III) separation were applied for spiked Nile river water samples, and followed by spectrophotometric determination with PET and AAS. The results shown in Table 4 indicate that there is no significant difference between the spiked amount and those detected by spectrophotometric or AAS techniques. The reliability of the flotation and SPE techniques followed by spectrophotometric determination with PET was statistically examined in a comparison with the standard method of AAS. A comparison between the experimental means for the two methods was carried out using the null hypothesis of | t |2 for P = 0.05 and n = 10. It was found that | t |2 = 0.15 -0.27 and 0.07 -2.07, respectively, which is less than the tabulated value (| t |2 = 2.31). 33 A comparison between the precession for the flotation and SPE techniques, followed by the spectrophotometric determination with PET with that determined by AAS, to estimate the random errors of the two sets of data (Table 4) , was also carried out using the two-tailed F-test. 33 From these results, it is clear that all of the experimental F4,4 values are between 1.05 and 2.53. These values are less than the tabulated value of F4,4 for P = 0.05 and n = 10 (9.6). 33 This proves that there is no significant difference between the two standard deviations at P = 0.05 for both methods. In addition, all of the results obtained by both methods are not subject to random errors (i.e. precise).
Furthermore, the spectrophotometric determination of thallium(I) and (III) with PET in zinc and lead metal samples was carried out after separation by flotation and solid-phase extraction techniques.
The concentration of Tl(I) was calculated from the difference between the values obtained with and without previous oxidation with bromine water. The results given in Table 5 indicate 98.8 -101.6 recoveries of the spiked amounts of Tl(I) and Tl(III) with RSD ranging between 1.74 to 2.85%. This indicates the ability of using the flotation and SPE techniques based on the formation of the Tl-(PET)2 complex to separate and determine Tl(I) and Tl(III) in the presence of a large excess of zinc or lead metal ions.
Conclusion
PET selectively forms a stable and highly colored complex with thallium(III) at pH range 1.0 -1.5, which can be used in the spectrophotometric determination of Tl(III) over the range of 0.2 to 10 µg cm -3 . The selectivity and the sensitivity of the method could also be enhanced by using flotation with PEToleic acid, followed by acid digestion or separation with solidphase extraction on PUF-PET and elution with acetone(III).
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ANALYTICAL SCIENCES SEPTEMBER 2003, VOL. 19 Table 4 Determination of thallium(III) in 100 cm 3 of spiked Nile river water samples by a direct spectrophotometric determination with PET after separation and preconcentration with flotation (a) and SPT (b) techniques compared with the standard atomic absorption spectrometric determination (AAS) N.B. A final volume of 5 cm 3 was obtained after the separation and preconcentration with flotation by PET-oleic acid, followed by digestion, or with SPT on PUF-PET and elution with acetone. Fig. 4 Effect of the shaking time on the extraction of 50 µg Tl(III) in 100 cm 3 distilled water at pH 1.0 -1.5 on 0.1 g PET/PUF.
